Aims To test the hypothesis that stroke and systemic embolic events (SEE) in the Stroke Prevention using an ORal Thrombin Inhibitor in atrial Fibrillation (SPORTIF) III and V trials were related to blood pressure, and that differences in event rates (stroke and SEE, bleeding) could also be related to the degree of hypertension.
Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia and is strongly associated with a substantial risk of stroke and thromboembolism. AF often coexists with advanced age and such cardiovascular conditions as hypertension, heart failure, coronary artery disease (CAD), and diabetes mellitus. Among subjects with AF-associated stroke in a community survey, hypertension was the most common comorbid condition. 1 Hypertension is also the most frequently associated comorbidity among hospitalized patients with AF. 2 Hypertension is an independent risk factor for stroke, with a direct correlation between increasing blood pressure (BP) and stroke risk that extends even into the normotensive range. 3 Hypertension raises the risk of stroke in patients with AF, and the stroke risk in patients with both AF and hypertension is substantially higher than in those with either condition alone. 4 In the aspirin arm of the Stroke Prevention in Atrial Fibrillation (SPAF)-III trial, even subjects with a history of hypertension (but who did not meet the stated 'high risk' criterion of SBP . 150 mmHg) had an increased risk of stroke in AF. 5 Among patients with AF, hypertension is associated with adjusted annual thromboembolism rates of 4.0 and 2.4% per year in women and men, respectively. 6 Furthermore, uncontrolled hypertension is an important risk factor for bleeding in anticoagulated subjects. 7 Ximelagatran is the first oral direct thrombin inhibitor that was recently tested for stroke thromboprophylaxis in two large Phase III clinical trials, the Stroke Prevention using an ORal Thrombin Inhibitor in AF (SPORTIF) III and V trials. 8, 9 These trials found ximelagatran as effective as well-controlled warfarin in reducing the risk of stroke in moderate-to-high risk patients with AF, and rates of major bleeding on ximelagatran were slightly less than on warfarin. The most common risk factor in both trials was a history of hypertension (requiring anti-hypertensive treatment, but ,180/100 mmHg at study randomization), which was present in 70% of participants. Rates of the primary endpoint (stroke and systemic embolic events [SEE]) were 1.6%/year on ximelagatran in both trials, but the event rates on warfarin differed: 2.3%/year in SPORTIF III and 1.2%/year in SPORTIF V. 8, 9 In both trials, elevations of serum alanine aminotransferase (ALAT) beyond three times the upper limit of normal (ULN) were seen in 6% of patients treated with ximelagatran.
On 14 February 2006, ximelagatran was withdrawn due to concerns about liver safety but recent interest into the value of hypertension control in AF merits an analysis of the large, combined SPORTIF trial dataset to ascertain the impact of hypertension and BP control in a large, anticoagulated AF population at moderate-to-high risk of stroke and vascular events. We therefore hypothesized that the rate of stroke and SEE during anticoagulation can be related to the degree of hypertension, and that differences in various event rates between the SPORTIF III and V trials (stroke and SEE, bleeding) could also be related to hypertension.
Patients and methods
The design and final results of the SPORTIF III and V clinical trials have been published. 8, 9 In brief, both trials were designed as noninferiority Phase III trials comparing ximelagatran with warfarin in subjects with non-valvular AF at moderate-to-high risk of thromboembolism, with a pooled analysis of the results of both trials prespecified. SPORTIF V was a double-blind trial conducted in North America, while SPORTIF III was performed open label in 23 countries outside of North America. Inclusion criteria for both trials were similar and included age ! 18 years, persistent or paroxysmal AF, and at least one of the following risk factors for stroke: hypertension (defined as high BP requiring anti-hypertensive treatment, but which was below 180/100 mmHg on randomization); age ! 75 years; previous stroke; transient ischaemic attack (TIA) or SEE; left ventricular (LV) dysfunction (ejection fraction ,40% or symptomatic heart failure); age ! 65 years and CAD; and age ! 65 years and diabetes mellitus. Endpoints were evaluated in a blinded manner by a Central Events Adjudication Committee.
To assess the relationship between hypertension and clinical outcomes of interest, patients were categorized into quartiles, according to mean systolic BP (SBP), during the entire follow-up period. For SPORTIF III, the median follow-up was 17.9 months per patient (range 0-26 months); for SPORTIF V, the median follow-up was 20.1 months (range 0-31 months); and for the pooled analysis, the median follow-up was 18.6 months per patient (range 0-31 months). BP was measured at baseline, 1, 3, and 6 months and every 6 months thereafter, and the mean BP for each patient was based, on average, on 6.5 measurements (SD 1.5). Illustration of efficacy results as a function of BP data is complicated by the continuous nature of the BP variable. Rather than categorizing BP data according to typically used intervals, we opted to illustrate unprejudiced relationships through reporting efficacy results vs. a continuously 'moving average' of BP data.
The duration of exposure differed between patients according to the time of enrolment, since the study closure period was the same for all patients. Analyses of clinical outcomes were made for all stroke (ischaemic and haemorrhagic) and SEE (the primary endpoint), major bleeding, all-cause mortality, and ALAT elevations (.3 Â ULN).
Statistical analysis
Categorical data were evaluated with Fisher's exact test or the x 2 test for more than two categories and continuous data using Student's t-test. All tests were performed as two-sided, adopting a 5% significance level. No adjustments for multiple testing has been done, all results reported are explorative in nature. Annualized event rates formed the basis for analyses, assuming constant event rates over time. Patients were categorized into quartiles according to their overall mean SBP-levels. Comparisons between quartiles have been conducted assuming that neither study drug nor length of follow-up influenced SBP levels, thus making it appropriate to use each patient's mean SBP level during the study as an explanatory variable. Unless otherwise stated, all analyses were performed following pooling of the two studies. With one exception, the analyses were conducted without allowing for a study factorthis was deliberate, since there were systematic differences in SBP-control in the two studies, resulting from more aggressive antihypertensive treatment in the study centres based in North America (SPORTIF V). Thus, the 'study centre' factor is intrinsically confounded with SBP-control.
All randomized patients were included in the intention-to-treat (ITT) population. An on-treatment (OT) analysis accounted for time until the therapy was interrupted for up to 30 consecutive days (or up to 60 days for cardioversion) or 60 days cumulatively. Analyses confined to stroke, SEE, and death were analysed according to ITT. Assessment of major bleeding used the OT approach. No censoring was made of any ALAT elevations. Hazard ratios (HR) between treatments were obtained through Cox regression modelling. Moving averages of event rates over time are given as a function of BP, together with smoothing splines to illustrate unprejudiced relationships. All analyses were performed in SAS (Version 8.2; SAS Institute, Inc., Cary, NC, USA). More detailed descriptions of the statistical analyses used in the SPORTIF III and V trials have been published previously.
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Results
The mean BP and patient characteristics at study entry are summarized in Tables 1 and 2 . The patients in the higher BP quartile were more likely to have more stroke risk factors (P ¼ 0.012 for 2 vs. .2 risk factors) as well as higher mean body mass index (BMI) (P ¼ 0.0036).
Pre-specified stroke risk factors and mean SBP for patients in SPORTIF III, V, and the pooled analysis, stratified according to high vs. low BP values, are summarized in Table 3 . The prevalence of prior stroke or TIA was higher in groups with higher SBP (P ¼ 0.02). As expected, those with high BP were older, but the prevalence of LV dysfunction (LV ejection fraction ,40% or clinical heart failure) was lower (both Table 1 Mean (SD) BP and heart rate in SPORTIF III and V, based on the mean of each patient's measurements during the study P , 0.0001) in patients with hypertension. In the pooled cohort, fewer subjects with known CAD had high BP (P , 0.0001). Anti-hypertensive medication at entry by quartiles of mean SBP is shown in Table 4 . Neither study drug nor length of follow-up significantly influenced SBP levels ( Table 5 ).
For patients categorized by mean SBP, diastolic blood pressure (DBP), and pulse pressure, selected outcome variables are summarized in Tables 6-11 .
The increasing stroke rate with increasing quartiles of SBP ( Figure 1 ) is less apparent for DBP. The highest mortality rate occurred in patients in the lowest quartiles of SBP and DBP. When compared by quartiles of SBP, the HR between the SPORTIF III and V trials was not significantly different from unity ( Table 8 ). The top quartile of SBP was associated with a greater risk of stroke and SEE than the lowest quartile (HR 1.83; 95% CI: 1.22-2.74), whereas mortality was lower in the top quartile (HR 0.64; CI: 0.49-0.83). There was a similar relationship between stroke/SEE and pulse pressure, and a trend for major bleeding ( Table 9 ). The increased mortality in the lower quartile for SBP was not seen for pulse pressure.
We assessed whether LV dysfunction was a confounder in explaining the mortality pattern in relation to SBP control. The increased mortality rate in the lowest SBP quartile was largely driven by a larger proportion of patients with heart failure who had a higher mortality rate (see Supplementary material online, Figure S1 ). Addition of CAD into the analysis did not alter this observation (data not shown). Among the patients with neither of the baseline risk factors (i.e. LV dysfunction/CAD/Stroke/TIA/age ! 75 years, ,20% of the total cohort) mortality rate was about equally low in all SBP quartiles: 1.62, 1.30, 1.53, and 1.55%/year, respectively. Among the seven risk factors specified in the study protocols (see Table 3 ).
There was an increased event rate for haemorrhagic stroke with increasing quartiles of BP (P-value for Q1þ2 vs. Q3þ4 is 0.013). The total number of such events being 1 (0.04%/year), 2 (0.07%/year), 5 (0.17%/year), and 9 (0.32%/year) in the four SBP-quartiles, respectively, with similar trends for both study drugs. There was no relationship between major bleeding, major plus minor bleeding or ALAT elevations to quartiles of BP (Tables 10 and 11) . Relationships between SBP-control and bleeding rates were fairly similar between the warfarin and ximelagatran (data not shown). Figure 2 shows the cumulative stroke/SEE rate in SPORTIF III and V combined, with patients categorized by quartiles of mean SBP over the course of the studies. Smoothed curves around moving average rates of stroke/ SEE, major bleed, and mortality, in SPORTIF III and V combined, pooled over study drugs, according to mean SBP are provided in Supplementary material online, Figure S2 .
The greatest cumulative event rates occurred in association with the highest quartile of SBP, while the Kaplan-Meier curves for Q1 and Q2 are almost identical and the curve for Q3 shows a slight increase in the cumulative event rate after 12 months. The increasing event rate with increasing quartiles of BP was similar in the warfarin and ximelagatran treatment groups in the whole cohort (see Supplementary material online, Table S1 ) and in the individual studies (Table 11) . HRs are given for comparison between the two studies for each quartile (Table 11 ). Differences in rates of stroke/SEE between SPORTIF III and V for each quartile of BP did not reach statistical significance. Sensitivity analyses show that the relationships seen between SBP quartiles and the outcomes analysed remained largely unaffected when allowing for relevant risk factors (e.g. age, gender, and previous stroke/TIA) (see Supplementary material online, Table S2 ). A 'moving average' for rates of stroke/SEE in the pooled cohort for both study drugs, according to mean SBP and DBP, is shown in Figure 3A and B, respectively.
The data suggest that the rate of primary events rate increases markedly at mean SBP 140 mmHg. The corresponding relationship was not apparent for DBP. The proportion of subjects with mean SBP !140 mmHg was 35.8% (1220/3407) in SPORTIF III and 20.6% (807/3922) in SPORTIF V (P , 0.0001). Major bleeding rates in the four SBP quartiles were 2.43, 2.02, 2.05, and 2.23%/year, respectively. Corresponding rates by pulse pressure quartiles were 1.95, 1.78, 2.29, and 2.72%/year.
Discussion
This is the most extensive analysis of the cumulative effects of BP on stroke and SEE in patients with AF currently available, involving serial measurements in anticoagulated patients over more than 11 000 patient-years (PY). The data clearly show that rates of stroke and SEE increase substantially at mean SBP levels of !140 mmHg, and the event rates were highest in participants with the highest average SBP readings. The higher proportion of subjects with average SBP !140 mmHg in the SPORTIF III trial may account for the higher event rates than in SPORTIF V, where hypertension was better controlled. The data further suggest that event rates markedly increase at SBP ), the estimates reported for the HR (or odds ratio) are for each increase of 1 mmHg in SBP. In addition to study drug, study has also been accounted for in these models. levels over 140 mmHg, and that control of hypertension to lower SBP is associated with a uniformly lower thromboembolic risk.
Although hypertension raises the risk of stroke in patients with AF, this analysis suggests controlled hypertension (mean SBP ,140 mmHg) is associated with a low stroke risk compared with patients with poorly controlled hypertension, in which the risk markedly increases with higher BP. The present analysis also supports SBP as being a more powerful determinant of stroke risk as compared with DBP among the AF patients. Hypertension is an important risk factor in most stratification schemes used to identify patients with AF who require anticoagulation 10 and maintains predictive power for the development of ischaemic events, even in patients with AF receiving anticoagulant therapy.
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Hypertension is also a risk factor for bleeding complications of anticoagulation, including intracranial haemorrhage (OR 2.69; 95% CI: 1.04-6.97). 7, 12, 13 Bleeding can also be related to the duration and intensity of anticoagulant therapy. 13 We were not able to confirm a relationship between quartiles of SBP and rates of major or major plus minor bleeding in the SPORTIF cohorts, but this may be a reflection of the optimization of risk factor management and close monitoring associated with a clinical trial setting. Clinical practice usually advocates that patients with hypertension require especially close monitoring of anticoagulation and optimum control of BP 13 during chronic anticoagulant therapy.
Of interest is our observation that mortality was highest in the lowest quartile of BP. There has been a long-standing debate on the existence of a J-curve in relation to the relationship between BP and mortality, 14 especially among the elderly. The present post hoc analysis of the SPORTIF trials adds to this debate, but only among an AF population. Further observations on the existence of a J-curve in larger, non-trial AF populations would be needed to address this issue.
A major limitation of this study was its reliance upon post hoc analysis of the SPORTIF III and V clinical trial dataset. The 'selection phenomenon' for trial inclusion may partly account for the unusual distribution of risk factors; for example, hypertension is a risk factor for LV dysfunction, heart failure, and CAD, but patients with hypertension had a lower prevalence of LV dysfunction. Patients were also not randomized on the basis of severity of antecedent hypertension or quality of BP control during the trials, and hypertension management was left to the discretion of the patients' personal physicians. Apart from the differences in BP control between SPORTIF III and V, there were also geographical differences within the SPORTIF III trial cohort, with patients in some countries achieving better BP control than others. The relatively small numbers of patients in these subsets, however, preclude meaningful analyses in relation to outcomes. The SPORTIF V study was conducted exclusively in North America, where secondary prevention strategies (including control of hypertension) were more systematically applied than in the array of countries involved in the SPORTIF III study, and other therapies (e.g. lipid-lowering medications) were more often given concurrently. Hence, relationships between SBP-control and events may intrinsically be confounded with other differential effects between the two studies. These correlations between study and SBP-control caused us to exclude study (that is, SPORTIF III or V) as a factor in most analyses.
In conclusion, hypertension contributes to increased rates of stroke and SEE in AF. Event rates markedly increased at SBP levels of !140 mmHg, and control of hypertension to lower levels was associated with uniformly lower rates of stroke and SEE. The higher stroke rates in SPORTIF III may have been related to the greater proportion of subjects with inadequate BP control.
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